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ABSTRACT 

A species of ostrich is identified umong the vertebrate Faunal assemblage from 

che Pliocène localiry of Çalta, Turkey. This taxon relerred to as Stnithio sp. is 

of a more robust type than the rccent species Struthio atmelus as ba.sed on the 

dimensions of the posterior limb bones, and particularly the fémur. This spe- 

cies represents one of the struthioniformes thar evolved in Eurasia and is 

close in its morphological feacures to Struthio asiaticus Brodkorb, 1963. 
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RÉSUMÉ 

Le gisement de vertébrés pliocènes de Çûlta, Ankara, Turquie. 2. Aves: 

Stmthionidae. Une espèce d’autruche, Struthio sp. a été identifiée parmi les 

vertébrés fossiles provenant de la localité pliocène de Çalta en Turquie. Ce 

taxon est beaucoup plus robuste que la forme actuelle Struthio carnelus par les 

dimensions des os appendiculaires postérieurs, notamment le fémur. Elle 

représente une des espèces de struthioniformes qui a évolué en Eurasic, et par 

ses caractéristiques, elle pourrait se rapprocher de Struthio asiaticus Brodkorb, 

1963. 
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INTRODUCTION 

During the Mioceiie, Pliocène and Lower 

Quaternary, Anatolia (Central ’l’urkey) has wit- 

nessed a diverse vertebrate fauna. A niimber of 

lossil-rich localitics bave been discovered 

(Sickenberg et uL R>’5). represcjirlng a succes¬ 

sion of twelve taunal groiips consisting mostly of 

mamnuds but uvian reniains are very l)riefly  

mentioncd as Aves indet. and as eggsbell frag¬ 

ments. Hiiherto, tbc only occurrence orfos\sil 

struthionitorm boues in Anatolia (Turkey) that 

has been reported from the middie Miocène 

locality of Çandir (Saucr 1979) consists only of a 

pedal phalanx and eggslicll fragments. ITe 

Pliocène locality of Çaira, Ankara» in l'urkey has 

yielded a rich faunal assemblage of amphibians, 

reptiles and large as well as small marnmaU 

(Ginsburg et ai 1974; Sen 1977). Wc dcscribc 

bird bonus from the Çalta localiry vvhich are 

typical of the Struthionidac. No other bird 

remains bave been reported from the Çalta up to 

now. 

SYSTEMATIC PALAEONTOLOGY 

C-’la.ss AVES Linnaeus, 175S 

Order STRU THIONIFORMES Latham, 1790 
Family STRli miOKinAE Vigors, 1825 

Genus Struthin Einnaeiis  ̂1758 

Struthîo sp. 

Material HXAMINED. — Distal portion of a right 

fémur (ACA'948); diaphysis of a Icfc fémur (ACA- 

949); lower part of diaphpis of a right fémur from a 

young specimen (ACA-32"^); diaplïvsis of a riglit  

tihiotarsus laeking cpiphyscs (ACA-950); right larso- 

metatarsus, lacking pioKÎnial and rrochlear région 

(ACA-252); distal portion oi a left rarso-metararsus 

(ACA-335); lefr tarsommrarvus ̂lacking extremities 

(ACA-95n; U lighc larsotnetin.trsus, lacking oxtremi- 

ties (ACA-952). 

LüC>\L1I'\ and AtiE. — Çalta, Department of Ankara, 

Turkey. Pliocène. MN15 Zone. 

Descriptions and comparisons 

The avian collection from Çalta consists of three 

femora. one tibîocarsus and three rarsometatarsi. 

Ail  rhe bones are incomplète lacking their extre- 

miries which hinders comparative analysis with 

other fossils from the Eurxsiaiic région. Üf the 

tarsometatarsi, a pair appears to hâve belonged to 

ihe sarne individual, wlhle the tliird smaller one 

scerns co bave belonged to a young individual. 

The bones are fragile, espedally the temora whe- 

rein the fragments are held in position b\ the 

fille compacted liglu reddish sedimeni filling  the 

medullaf)' caviry. At flrsi sighi they a(ipcar to 

belong to a large terresrrial bird, and detailed 

Lôinparisons show ibat lhey are of à large-sized 

struihiuniforni bird. 

C]omparuti\e nuueriul of Struthio caau'lus was 

obtaïucd from the Laboratoire d’Anatumie com¬ 

parée, Muséum national d’Hiscoire naturelle 

(MNHN); skcletons No. 1923-2163 and 

No. 1923-954. Additioual comparative data on 

Miocene fossil ostriches described from Eurasia 

cornes from Kurochkin &: Lungu (1970). 

Burchak-Abramovich and Vekua 11990), and 

data on African fossil ostriches are from 

Axambourg (1979). 

Fcmiir (Figs I -4) 

Fragment ACA-949 is rhe diaphy.sial .shafr of a 

left fémur (Eig.s 1,2). The anteropo-sterior cliick- 

ness of the bone is 69.5 mm compared co 

4*^ mm in an adult spécimen oï Sinubio cataelus, 

indicating a mucb larger fémur titan ihat of the 

commun ostrich. Compared vvirh recent ostrich 

data from Burcfiak-Abramovich Vekua (1990, 

table 1. line 4). the mcasurcments suggest that 

tbc fémur bclongs to a large and stout form of 

Slriithio. The mosr salient features of this spéci¬ 

men are rbe origin oi the crista siijynîcondylus 

mcdtalis running downwards and wnlling in the 

fima popUtea xs a large .shallow groove, and the 

lima lutermihcidans atudalis which is in conti¬ 

nuation with the crista snpracondylus mcdialis. 

The mediai surface is flar and bears a falnt but 

distinct muscular line. Normally in Stmthio 

oimelus,, this line uriginates wt the base of the 

gréai irucbaïUer and ruas transvcrsely across the 

shaft to the ânterior border of the external 

condyle. 

Of the three femora, rhe stîtall-sized spccimen 

ACA-327 might hâve belonged to a young indivi- 
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Table 1. — Dimensions (in millimétrés) of leg bones of Siruthio sp. compared with Sîruthio camelus. Some data for S. camelus are 

from Burchak'Abramovich & Vekua (1990). 

Struthio sp. 
Çalta MNMN 

1923-954 

S. cameius 
Burchak-Abramovich 
& Vekua 1990 

Anteroposterior thickness of diaphysis, 
left fémur 

ACA-949 69.5 47.0 35; 33: 36; 41; 47 

Distal depth. left tarsometatarsus ACA-335 
young specimen 

15.0 18.0 

Distal anteroposterior depth, 
left tarsometatarsus 

ACA-951 22.2 17.3 

Distal anteroposterior depth, 
right tarsometatarsus 

ACA-952 20.4 18.0 

dual. This fragment is the distal diaphysial part, 

devoid of rhe epiphyses 3). Howx-ver the dla- 

physis is i]uite evoauive wlien compared to the 

larger ones, and helongs tu a righi feniur. It is fiat 

on irs nicdial side and exhibits a crest which origi- 

nates Irom the base of the ttochaniet major, the 

latter being absent in thks specimeri. The caudal 

margin is rounded in its upper part, becoming 

thinner as il gives risc to rhe aista stipracondylus 

medialh which is pattly preserved- The condylus 

mediaiu is absent as well as the condylus latendïs. 

*rhe beginning of the poplîtcal fossa h visible on 

the caudo-lateral surlace and the cmergence of 

the bony shah towatds the latéral condylc is dis¬ 

tinctive, 3.S indicited in figure 3. 

Specimen ACT\-94S bclongs tn ihc lowcr portion 

of a right fémur. 'ITrc fô^sa poldiicil is remarkably 

widc and deep, and in fact is larger than in 

Siruthio vtnuelus. It is bounded on its inner sidc 

by a rarher sharp crest, the crhta supracondylns 

medialis. The internai condyle is broken, and as 

can be seen in figure 4, it is shorcer and less' pro- 

minenr than the extcrnal fîbular condylc (cond^»- 

lus lateralh) which is also broken, but the bony 

shaft is obviou.s and significanr. The external 

condyle protrudes furrlier Jovvn rlian ihe internai 

condyle as in .V. camelus, 1 hi.s fémoral specimen 

appears to hâve been slightly defornied and its 

cross-section has roughiy a four-sided angulat 

shape, with a more convex /ame corre.sponding to 

the external surface as In récent Struthio  ̂while 

the internai surtacc is inercly fiat. The size of ihis 

bone is smailcr than specimen ACA-949> the 

anteroposterior depth of the diaphysis being 

38 mm, which is still greater than in the recent 

ostrich. 

Tihiotarstis (Pig. 5) 

One right tibiotarsus, ACA-950, is présent in the 

lot (Fig. 5B) and consists of a lincar shaft which 

tapers rowards rhe distal end, and the epiphyses 

arc absent. The medial margin is slighrly curved 

inwards in the distal région. ‘Phis bone is desi- 

gnared as a right ribiorarsus due ro the presence 

o( a distinctive incdulbry foramen on the latéral 

margin o{ rhe diaphysis. Phis foramen is locali- 

zed in a more frontal than latéral position, and 

opens at the end of a futtow which in this bone 

is linear în shape (Pig. 50). Phis furrovv indicaces 

the position ol the nutritive inedufiary artery 

that enters rhe dinphysis. In Struthio camelus, this 

furrow is archcd towards the front (Fig. 5A. C). 

l'he transversc section of rhe bone i.s oval with an 

anteroposterior compression. In ctoss-section 

this .shape is maintained ail along the shaft, but 

with dimLnishing dirnen.sions distally up to 

about 2b cm down the shaft afeer which it 

widens cransverscly. The cortex in rhls specimen 

is thicker than in any of rhe oïlier bones, being 

about 5 mrn rhtek. ’Phe médian border bears a 

faint but noticeable smooth posterior ridge 

which runs along this side of the shaft unril it 

reaches rhe concave underside. Pollowing this, 

the margin cxparids tniernally to forni llie inner 

condyle ol which only the beginning is preserved 

in this specimen. l'hc contact zone with the 

frbula is depressed in the fossil, showing a shal- 

low canal about 7 cm long. In Struthio camelus. 
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rhe fibular groove runs alongside thc medullary 

furrow and foramen, then becomes evanescent 

and re-emerges turther down the shaft and conti¬ 

nues to thc distal end of the shaft where it 

reaches the external condyle. This is not obser¬ 

vable in thc fossil specimen where the fibular 

groove stops just short of the position of the 

medullary foramen. 

Fig. 1. — Comparison of left fémur, latéral view; A, Struthio camelus {MNHN  1923-954); B, Struthio sp.. Pliocène, Çalta (ACA-949). 
Mc. linea intermuscularis caudalis ; esm, crista supracondylus medialis. Scale bar: 4 cm. 
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Tarsometatarsus (Figs 6-8) 

The most characteriscically identifiable bones of 

chis collection arc rwo tarsometatarsi, the right 

and the leh, which apparently belong to the 

saine individual {ACA-252: right, and ACA-951: 

left)* Roth are composed of the shah only, the 

proximal and distal extremities having been lost. 

Nevertheless there are diagnostic characters indi- 

Fig. 2. — Comparison of left fémur, médial view; A, Struthio camelus (MNHN 1923-954); B, Struîhio sp., Pliocène, Çalta {ACA-949) 
li, linea intermusculahs cranialis: cm, crista medialis of médial condyle. Scale bar; 4 cm. 
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Fig. 3. — Right fémur of Struîhio sp.. Pliocène. Çalta (ACA-327), 
posterior view, csm, chsta supracondylus medialis : fp. groove 
leading to the fossa poplitea. Scale bar: 2 cm. 

carivc of the .srnirhioniform iTi(»rphorype. The 

leii^ih and anterior morpholo  ̂of rhe ursome- 

rararsus exclude any re.semhlance ro the casuari- 

form type in which ihc anterior larsometararsal 

groove is eliaractcrizcd by being decply excavated 

and bordered by thick latéral walls giving a 

canal-like structure, and also by its extension 

along the shaft which Ls less in comparison with 

the total lengtii. 

In the Çalta specimens, the anterior rarsometa- 

tar.sal groove is distinctive and is about 7 mm 

wide at mid-shaft level, but in comparison with 

Striithio i-amelîiSy its width is slighrly narrower 

relative to the transver.se tarsonietatarsal w'idth. 

In Striithio^ this groove is very shallow and wider 

proximally with rhe latéral ridges being rather 

sharpiy individuali/ed as rhe\' originate front the 

two proximal cotylae. In ihc Çalta tarsomeratar- 

si, the curvaturc of the metlial margin is very 

curivspicuou.s at first sight  ̂and une may suggest 

thaï ihcre could have been somc deformation as 

fossilization occurred. In tact, this curvature is 

very pronounced in comparison with the 

Fig. 4. — Right fémur of Struîhio sp., Pliocène. Çalta (ACA-948), posterior view, cm, condylus medialis: cl. condylus laîeralis: 
et, crisîa tibiofibularis: fp, fossa poplitea. Scale bar: 4 cm. 
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modem S. crime/us, in which rhe rarsomeratarsus 

is iairly lincar, with a slighr ovcrall curvatiire 

along thc diaphysis trom rhe proximal to ihc tro- 

chlear région (l'ig. 6). The fact that boih tarso- 

mctatarsi Irom Çalta arc curvcd similarly inwaids 

siiggcsts chat thcy havc not hcen dcformed 

diiring fossilizarion. As can bc sccn from rhe lace¬ 

rai and médial views (hig. 7), the tarsomeraraisi 

exhibit a grcarcr anteroposccrior deprh than in 

S. cameltts, with a more pronoimced hypotarsal 

cresr. Also the tarsometararsal shafr appears more 

compressed laterally than in S. camelus. 

The proximal ligamental attachmcnt l^or the 

musculus tihialis anticus  ̂is présent in bot h the 

Fig. 5. — A, B, right îibiorarsus, in latéral view; A, Struthto 
camelus (MNHN 1923-954); B, Strulhîo sp. (ACA-950) lacking 

epiphyses; arrows iPdicate the frajeclory of ihe inedullafy 
groove wtiich is lineai in StruUvos^. but arched in S. came/cs; 
C, D, medulfary groove teadmg to the nutritive foramen locali- 

zed on the extemal surface of the tibiotarsus m (C) Sityïhlo 
camelus and in (D) Struthio sp. Scale bars: A, B, 4 cm; C, D, 
0.5 cm. 
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Fig. 8. — Antenor view of lett tarsometatarsus of a young indivi*  
dual of Struthio sp.. Çalla {ACA-335). et. ej<ternal trochlea: 
g. anterior metaîarsal groove: It. internai trochlea reduced to a 
stub: mt, inîddle trochlea. Scale bar: 4 cm 

[n cross section, rlic shnit is triangul.ir in shape in 
Struthio câmelus just as in rhe fossil speciniens, 
but it is more compressecl laterallv in the latter. 
Al.so the fossil bone is more robust and i.s wider 
in irs iransverse dimension ihan in Struthio 
amwius giving the laiier a rehitivcly more gracile 
silhouette. 
A third tarsometatarsus (ACA'335) is présent in 
rhis collection, but it is of small size, correspon- 
ding cvidently to the discal extremit}' of a young 
individual (Fig. 8). As in tbe larger bones. the 
trocKlear région is missing-, and becatise of the 
inward cnrvanire of rbis specimen, it is diagno- 
sed as a lefr rarsometararsus. The anterior -surface 
of the bone bears rhe sballow dépréssion for the 
tihialis muscle in its iipper hj)f, wlnle the 
lower half is fiat and expands anteriorly towards 
the médian trochicxi with, in between, the frontal 
dépréssion of the articiilar groove. Moreover, a 
relie of the internai trochlea uppeur.s as a slight 
protubérance demarcated bv a fine curved line 
Irom the middie of the shalt on the po.sierior 
concave surface. The external trochlea exists only 
as a distinct remnant emerglng (rom lhe main 
.shafi. Us origin lies much above the luberosity 
corresponding to the extremely reduced inner 
trochlea. 

left and the right tarsometatarsi, appearing as a 
longitudinal tuberosity. As expressed above, the 
tarsometatarsi are curved mcdiallv and, in profile, 
they show a deeper anteroposterior depth (Fig. 7) 
than in the commun ostrich. Also the widrh is 
greater than in the latter species. The middie 
crest which ariscs from chc mcdial hypotarsal 
ridge in rhe tecent form and which runs along 
rhe shaft up to about a third of its total Icngch is 
visible in the fossil specimen. and it does not kisc 
with rhe two latéral crests {rrisiUe fi/uuhires 
rnedialis t‘t luteralis) which originate from the nvo 
cotylae. I hesc crests are almost etfaced in rhe 
Çalta larsomccatarsi. Fhc external crest runs late- 
rally on the surface of the shaft, and converges 
onto rhe médian plane, meeting its counterparr 
from the orher side and imiting with il in the 
distal région. The proximal pan of rhis crest 
{cristn plaritures laterulis) is more arched tn 
S. carnetm than in rhe Çalta tarsometatarsus' 
(Fig.7A,B). 

DlSClJSSION 

Fossil ostrich bones hâve been described from 
numerous localities in Eurasia (Kurochkin & 
Lungu 19^0) and in Africa (Arambourg 1979; 
Rich 1974). Kurochkin 5c Lungu (1970) assi- 
gned mo.st of the Pliocène and PIcisroccnc spcci- 
nieas disirihiiled from Easicrn Europe to China, 
Iransbaykalia and norlhcrn India to a single spe- 

cic.s Struthio asiatim^. They considered the latter 
to bc a direct ancestor of the living species 
Struthio camelus and rccogni7x*d only four spe- 
des; ,5^. orlovi^ S. briU'hyehtciylus  ̂S. asiaticus and 
the recenr 5. Ctlrnelus. Flowever., Burchak- 
Abramovich & Vekua (1990) do not seem to 
agréé with this inierpretarion in theU description 
of anoihcr fossil ostrich S. druaunensts Burchak- 
Abramovich er Vekua, 1990 from che Pleistocene 
of easrern Georgia. 
S. orlovi Kurochkin et Lungiu 1970 was erccted 
on the hasts of a distal fragment of a tibiotarsus. 
It cannot be compared with our material. 
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5. brachydaçtyUii Burchak-Abrainovïch, 1949 is 

bercer known by a partial skelccon from 

Grcbenniki jn Ukraine. In size, we are only able 

ro compare thc minimuiri breachh of ibe leg 

boues, which seems co bc of rhc same order. For 

example. rhe minimum transvei’sc diamcter of 

tlie tar.somer.uarsus is 3.^ mm in 5. 

(Burchak-Abramovich 1949, table 1) in compari- 

son with 32.7 mm and 33-3 mm as measureJ on 

adult spécimens Irom Çalta. However the ÇaltJ 

carsometaursi bear a concave internai margin, 

vvhiist the shalt of ilic  same bone in S, hrachydaC' 

iylus is srraight. Sauer (1979) referred to ihis .spe- 

cies onc jîhalanx and egg-slicll remains fmm 

Çandir (iVlN6. Turkey). 

S. knmtheodoris Forsyth Major, 1888 was descri- 

bed from Samos (MNl 1-12, Grccce) with a ster¬ 

num and a iemur. l'hc Inctcr spécimen was not 

illustrated, but Forsyth Major ( 1888) dcscribcd it 

as being larger than rhe living S. ntmrlus. These 

specimens wetc apparenily lost during the 

Second World War. Baclmiayer Zapfe (1962) 

referred to this spccics threc distal fragments of 

the cibiotarsus and one phalunx. Fhesc are nut 

comparable with vhe Çalra specimens. 

rhe type specimens of A. ^hiatictis are from the 

Siw'alik Hills in ihe Indian penimsula, and 

Lydckker lIHS4) described some leg hunes inclu- 

ding -a ribiotarsus and the distal portion of a 

tarsomctaiarsu.s with the proximal portion ol the 

firsr phalanx of the ihird digii. I he Çalta tarso- 

meratarsus closely resembles rhe right larsomeia- 

rarsus of rhe Siwalik Hills ac least in the shapc 

and dimensions of the distal exrremit)' beforc the 

troclilea. 

The type material of Stmthlo dmamensis from 

the Pleiscocene ol eastern Georgia (Burchak- 

Abramovich iSc Vekua 1990) i-s a right fémur of a 

large individual. The onlv comparable dimension 

is thc smallcsL wldcli of the diaphysis which mea- 

sures 76 mm in rhc S, dmaij'îemls specimen vs 

69.5 mm in thc largest Çalta Iemur. Tins would 

indicate an inrermediatc size lor rhe Çalta speci¬ 

men between this spccies and S, ainiehis. 

S. pamiouivus Kretzoi, 1953 from the lower 

Plcistoccnc ot Kislang, Hungary, is only known 

by a pedal phalanS. 

Arambourg (1979) described S. harbarus l'rom 

the early Pleistocene of Aïn Boucherie, Algeria, a 

spccies slightly lûrgcr than 3’. camelus, and repre- 

sented bv a cibiotarsus, fîbula ând a carsometaiar- 

sus. In this species ihc section of the tibiotarsus is 

ellipcical and the posterior face ol the bone is 

rounded, as in the specimen AC-A-950. However, 

thc Çaltâ specimen represenvs a voung individual 

and is consequently smaller. 

Considering thc available data listed above, it 

appears fhat firstly, rhe fossi! marerials from 

varioLis localities are very fragmenrary, and chat 

secondly, adéquate comparisons berween the 

erected species hâve noc been uccomplished. A 

révision of the fossil osrriches of the Neogene of 

Africa and Eurasia is wanting. We suggest rhat 

due TO rhe lack of conclusive criteria and aiso tlie 

fragmentarv srarcî of the Çalta fosÿils, we cannot 

attribute the latter to any known taxon. 

CONCLUSIONS 

Tliis paper describes the struthionifotm remains 

Irom Çalta. Despitc the ahundance of rhe mare- 

rial (portions ol thrcc femora. onc cibiotarsus 

and rhrcc tarsometatarsus), its Iragincncary natu¬ 

re docs not authorize dctaÜcd comparison. 

Moreover, during this study, we noted rhat many 

Struthio specics Irom thc Ncogcnc and 

Pleistocene ot the Old World were ciecred on 

fragmentary remain.s, and cheir spécifie chaiacte- 

ristics are not cJearly highlightened. On thc other 

hand, there i.s na recein study revising the syste- 

maiics of this group. 

Concerning thc Çalta materiaf the différences in 

size and mniphology wc ohservcd between the 

Çalta maccMial and lossil and living spccies of 

Stnnbio are probably indicative ot a new species, 

but duc to thc absence ol complète and bctier 

preservxci material, it scems prefciabic ro Icave 

rhe Çalta material in open nomenclature racher 

than tt» complicare the définition of a species 

which needs as yet a complété révision wirhin a 

phylogeneric framework. 

rhc biogeography (»f tlie osrriche.s has been dis- 

cusscd by sevcral authors, with much emphasis 

on thc centre ol rjrigin. The classical hypothèses 

regarding strurhionid oiigins includes an 

Flurasian évolution prior to rheir spreading into 

Africa (Sauer & Rothe 1972; Houde 1986), but 
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it was prirnurily bascd upoii chc abundaiicc of 

fossil romains in diis area, despito rhese bcing 

rather fragrncntary boncs and cggshcll romains. 

African srrurhious reniai ns hâve been do-scribed 

by Lowe (1933), Arambourg (1979), Rich 

(1974, 198(1) aiul Saiicr &C Sauer '(197h’). Moro 

recently, .strutbioniform skcictal and cggshcll 

remains hâve been reporred from rhe lower 

Miocene of Namibia (Mourer-Chanviré et ai 

1996a, b), rhus enlarging rhe biogeographical 

and temporal scope of rhe Family Smirhionidae. 

The new strurhioniform matcrial from Central 

AnatoÜa indicates thc abundunce and wide dis¬ 

tribution of osirichcs in Eurasia during thc 

Pliocène. 7’he preci.se afïinitics of this spccîcs arc 

not deflnablc ar thc moment and is bcing desi- 

gnated as Struthio sp. 
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